Correlation between gravity and magnetic anomalies of Western Anatolia and its relation to tectonic structures by Z. Düzgit et al.
Earth Planets Space, 58, 943–949, 2006
Correlation between gravity and magnetic anomalies of Western Anatolia and
its relation to tectonic structures
Z. Du¨zgit, Z. M. Hisarli, N. Sayin, and N. Orbay
I˙stanbul U¨niversitesi, Mu¨hendislik Faku¨ltesi, Jeoﬁzik Mu¨hendislig˘i Bo¨lu¨mu¨, Avcılar, Istanbul, Turkey
(Received May 26, 2005; Revised May 5, 2006; Accepted June 9, 2006; Online published September 16, 2006)
In this paper, we apply for the ﬁrst time the moving-windows application of the Poisson’s theorem to the
synthetic gravity and magnetic data, followed by calculations of the correlations of the Bouguer gravity and aero-
magnetic data of Western Anatolia. The correlation coefﬁcient, slope and intercept parameters were generated
from the internal correlations existing between the gravity and magnetic anomalies. Relative negative correla-
tion values of positive gravity and negative magnetic anomalies were found on the Menderes Massif and in the
southern part of the Marmara sea. Higher heat ﬂow values were also obtained from these regions. The negative
correlation values can be seen on a proﬁle taken along the 28◦E longitude and are sourced from a large graben sys-
tem which has been generated as a result of lithospheric extension in Western Anatolia since the Early Miocene.
The grabens were ﬁlled up by approximately 2000-m-thick sediments. The negative correlation coefﬁcients and
high heat ﬂow values correspond to relative uplift of the asthenosphere in these regions.
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1. Introduction
With the help of Poisson’s theorem, the relation between
magnetic and gravitational potentials due to the same source
having uniform density and magnetization contrast can be
given free from the shape and position of the source. Pois-
son’s theorem has been applied in various methods to sev-
eral analyses including, for example, the determination of
anomaly source magnetization to density ratios (Garland,
1951; Kanasewich and Agarval, 1970) and of the direction
of source magnetization (Ross and Lavin, 1966; Cordell
and Taylor, 1971). The correlation of potential ﬁeld data
sets including the anomalies has generally been made by
visual ﬁtting without using any equation. Chandler et al.
(1981), however, suggested a new method of analysis based
on the Poisson’s theorem for calculating the correlation of
the gravity and magnetic anomalies.
Poisson’s theorem was developed by considering the
anomalies within a data set generated from a single source.
Only one correlation values set was calculated by using this
relationship between the gravity and magnetic data for the
region under consideration. Chandler et al. (1981) applied
the Poisson’s theorem to divided regions by using the mov-
ing windows method. Accordingly, they calculated a num-
ber of correlation values for the area under study instead of
only one. Chandler et al. (1981) ﬁrst applied this method
to synthetic models, but they subsequently obtained suc-
cessful results when they applied the methods to the gravity
and magnetic anomalies in and around Michigan and Lake
City. von Frese et al. (1982) also calculated the correla-
tions using Poisson’s theorem through the application of the
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moving window method to the gravity and magnetic data of
North America. In their study an inverse relationship was
observed between long-wavelength gravity and magnetic
anomalies over the continental terrain. The areas of nega-
tive gravity and positive magnetic anomalies were found to
be characterized by relatively thick crust and high magneti-
zation, whereas the negative magnetic and positive gravity
anomalies were characterized by a thinner crust and higher
heat ﬂow.
Akdog˘an (2000) correlated the gravity, magnetic and heat
ﬂow anomalies for a region located between 38◦ and 40◦N
and 26◦ and 30◦E in Turkey and found that positive mag-
netic and high negative gravity anomalies were correlated
with thick acidic and basic intrusive rocks.
This study aims at providing an understanding of the
crustal and thermal structure of Western Anatolia by taking
the tectonic structure into account. The method of Chan-
dler et al. (1981) was ﬁrst applied to the synthetic models.
The correlation coefﬁcients, slope and intercept values of
the Bouguer gravity and aeromagnetic data of the Western
Anatolia were then calculated, and these are discussed with
special attention to geological and geothermal structure.
2. Method and Application to the Synthetic Data
The relationship between gravitational (U ) and magnetic
(V ) potentials arising from a common, isolated source was








where J=anomalous source magnetization, σ=anom-
alous source density, i=direction of source magnetization
and G=universal gravitational constant. For this simple lin-
ear relationship to be valid, the isolated source must have a
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Fig. 1. The gravity and magnetic anomalies calculated using the parameters given in Table 1 (a and b). The contaminated synthetic gravity and magnetic
anomalies (c and d). The vertical derivative of the gravity and magnetic anomaly reduced to the pole (e and f).
Table 1. The parameters of the single prism model.
Depth of the top (km) 0
Depth of the bottom (km) 5
Width on the x direction (km) 10
Width on the y direction (km) 10
Density contrast (gr/cm3) 0.1
Declination of the magnetization of the prism 0◦
Inclination of the magnetization of the prism 60◦
Declination of the earth’s magnetic ﬁeld 0◦
Inclination of the earth’s magnetic ﬁeld 60◦
Susceptibility of the prism (cgsemu) 0.001
J/σ 0.002
uniform density and magnetization contrasts. This relation-
ship, however, is independent of the shape and position of
the source.
Poisson’s theorem can be modiﬁed to express the rela-
tionship between the total magnetic intensity anomaly re-








where ∂g/∂z is the ﬁrst order vertical derivative of the grav-
ity anomaly. Equation (2) can be written as







if regional-scale anomalies are taken into consideration.
“A” is the intercept coefﬁcient which gives the anomaly
base-level for the data within the window intercept coef-
ﬁcient caused by long-wavelength anomaly components.
By substituting B and X instead of (J/σ ) and
(1/G)(∂g/∂z), respectively, in Eq. (3), we get a linear equa-
tion as
Tz = A + BX (4)
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Fig. 2. Correlation coefﬁcients (a), slope (J/σ ) (b) and intercept (c)
values were calculated from contaminated gravity and magnetic data
obtained using different lengths of windows, such as 7, 9, 11, 13, 15
and 17 km.
where A is the intercept and B the slope value of the correla-
tion between the gravity and magnetic anomalies. The cor-
relation values can be obtained by using a moving-window
Poisson’s analysis for multi-source gravity and magnetic
data set (Chandler et al., 1981).
A single rectangular prism and superimposed rectangular
prisms were taken for testing the method by using synthetic
data. Parameters of the models are given in Table 1 and 2,
respectively. The direction of magnetization of the models
is assumed to be that of the earth’s magnetic ﬁeld. The
sampling interval of the data is taken as 1 km.
2.1 Single rectangular prism
The gravity and magnetic anomalies of the model that
were calculated using the parameters presented in Table
1 are given in Fig. 1(a) and (b). In the subsequent test
to derive information on the size of the source, the grav-
ity and magnetic anomalies of this model are contaminated
by 5% and 6.5% Gaussian noises which have the standard
deviations as 0.19 mgal and 1.09 nT, respectively. The
contaminated synthetic gravity and the magnetic anoma-
lies are given in Fig. 1(c) and (d). The vertical deriva-
tive of the gravity and magnetic intensity anomaly reduced
to the pole by using the contaminated data are given in
Fig. 1(e) and (f). These values reduced to the pole and
ﬁrst derivatives are calculated numerically using the PF
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Fig. 3. Correlation coefﬁcients (a), slope (J/σ ) (b) and intercept
(c) values were calculated from contaminated gravity and magnetic
data obtained from two vertically superimposed prisms using different
lengths of windows, such as 7, 9, 11, 13, 15 and 17 km.
Table 2. The parameters of the two superimposed prisms model.
First prism Second prism
Depth of the top (km) 0 5
Depth of the bottom (km) 5 10
Width on the x direction (km) 10 10
Width on the y direction (km) 10 10
Density contrast (gr/cm3) 0.1 0.5
Declination of the magnetization of the prism 0◦ 0◦
Inclination of the magnetization of the prism 60◦ 60◦
Declination of the earth’s magnetic ﬁeld 0◦ 0◦
Inclination of the earth’s magnetic ﬁeld 60◦ 60◦
Susceptibility of the prism (cgsemu) 0.001 0.001
software of the United States Geological Survey (USGS;
http://pubs.usgs.gov/ts/fs-0076-95/FS076-95.html), assum-
ing that the synthetic magnetic data has the same direction
as the earth’s magnetic ﬁeld.
The correlation coefﬁcient, slope (J/σ ) and inter-
cept values were calculated to obtain the relationship be-
tween contaminated gravity and magnetic data using differ-
ent lengths of windows, such as 7, 9, 11, 13, 15 and 17
km. The calculated variations in the parameters for each
length of window are given in Fig. 2(a)–(c) along the AB
proﬁle (see Fig. 1 for the location of the proﬁle). The value
of the correlation coefﬁcient was suitably approximated to
0.8 when the length of the window was taken as 17 km at
the center of the model mass; otherwise, it remained well
below 1 (Fig. 2(a)). The value of the (J/σ ) ratio in the
model is taken as 0.002 cgsemu. This value was obtained
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Fig. 4. The geological units and tectonic structures of the study area (modiﬁed from Turgut and Eseller, 2000; Yılmaz et al., 2000; Elmas and Gu¨rer,
2004). BEG: Bergama graben, BH: Bozdag˘ horst, BMG: Bu¨yu¨k Menderes graben, KT: Kale-Tavas Basin, OG: O¨ren graben, YG: Yatag˘an graben.
as zero around the center of the mass using 7 and 9 lengths
of windows. However, the (J/σ ) ratio is calculated as
being very close to 0.002 cgsemu by using other window
lengths.
2.2 Two Vertically superimposed rectangular prisms
The vertical superimposed rectangular prism is 10×10
km in cross-section. The top of the upper source is at a
depth of 0.1 km, while that of the lower source is at a
depth of 5 km. The density contrasts for upper and lower
sources are 0.1 and 0.5 cgs, respectively (Table 2). The
magnetization contrast of each prism is taken 0.001 cgsemu.
The gravity and magnetic anomalies of this model are
both contaminated by 3% Gaussian noises which have stan-
dard deviations of 0.1 mgal and 1.78 nT, respectively. The
correlation coefﬁcient, slope (J/σ ) and intercept pro-
ﬁles (Fig. 3(a)–(c)) were obtained for above-mentioned
window lengths from the vertical derivative of the gravity
and magnetic intensity anomalies reduced to the pole.
2.3 Window length selection
The relationship between window length and model pa-
rameters are clearly seen in Figs. 2(a)–(c) and 3(a)–(c). Ac-
cording to these ﬁgures, the correlation coefﬁcient, slope
and intercept values exhibit sudden changes at the center of
the model when the window length has a small value such
as 7 or 9. The maximum points of these variations (the AA′
points in Figs. 2 and 3) show very good ﬁt with the bound-
aries of the model. The above-mentioned variations disap-
pear when the window length has a relatively larger value
such as 13, 15 and 17.
In conclusion, the large window length can provide gen-
eral features about the structures.
A length smaller than the width of the structures must be
selected when the aim is to designate the boundaries of the
structures.





















































































0 50 100 km
Scale
Fig. 5. The ﬁrst order vertical derivative of the Bouguer gravity anomaly map (a) and the aeromagnetic anomaly map reduced to the pole (b) of Western
Anatolia. The Menderes massif is outlined by dashed lines in both ﬁgures. BMG: Bu¨yu¨k Menderes graben, GDG: Gediz graben, MM: Menderes





























































































Fig. 6. The correlation coefﬁcients (a), slope (b) and intercept (c) values obtained from the linear relationship application of the Poisson’s Theorem to
the ﬁrst order vertical derivative of the Bouguer anomaly and aeromagnetic data reduced to the pole. The solid lines show the observed main faults in
the Western Anatolia.
3. Application to the Gravity and Aeromagnetic
Data of Western Anatolia
The area under study is approximately between 36◦ and
41.5◦N and 27◦ and 30◦E in Turkey. The geological units
and tectonic structures are shown in Fig. 4. The Bouguer
gravity map was prepared by the Mineral Research Insti-
tute of Turkey, while the magnetic anomaly map was ob-
tained after removing the main ﬁeld using the algorithm of
Malin and Barraclough (1981). The data are projected on
a plane using the Albers projection. Before the applica-
tion of Poisson’s theorem to the gravity and magnetic data,
upward continuation to 5 km was applied to the Bouguer
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Fig. 7. Curie point depths and heat ﬂow map of Western Anatolia (Dolmaz
et al., 2005).
gravity and aeromagnetic data to obtain the regional effects
of large and deeper geological masses. First order verti-
cal derivatives were then taken (Fig. 5(a)). Reduction to the
pole process was applied to the upward projecting aeromag-
netic data, which were obtained by removing the main ﬁeld
value of 1982. This map is given in Fig. 5(b).
Determination of the length of the window is important
when the correlation coefﬁcient, slope and intercept values
between gravity and magnetic data have been obtained us-
ing Poisson’s theorem. The width of the grabens in Western
Anatolia changes between 2 and 20 km. However, there are
also great geological structures which are covered by large
areas, such as the Menderes Massif (this massif is indicated
by dashed lines in Fig. 5(a) and (b)). For this reason we de-
cided to obtain a window size that was sevenfold larger than
the sampling interval of the data. When the sampling inter-
val is taken as 5 km, the window size will be 35 km, so it is
possible to see the effect of graben structures on the corre-
lation values between the gravity and magnetic anomalies.
The correlation coefﬁcients, slope and intercept values
obtained from the linear relationship of Eq. (3) with the
moving window applied to the ﬁrst order vertical derivative
of Bouguer anomaly and aeromagnetic data reduced to the
pole are given in Fig. 6(a), (b) and (c), respectively. The
main faults in Western Anatolia are also shown in these
ﬁgures.
The southern part of the Marmara Sea is characterized by
aligned positive gravity and negative magnetic anomalies
when we compare the ﬁrst order vertical derivative gravity
anomaly dotted lines on Fig. 5(a) and the magnetic maps
reduced to the pole dotted lines on Fig. 5(b). Pﬁster et al.
(1998) obtained heat ﬂows ranging from 35 to 115 mW/m2
at the southern part of the Marmara Sea and suggested that
the extensional tectonic regime of the region was character-






































































































































Fig. 8. Bouguer gravity and aeromagnetic anomalies and their ﬁrst order
vertical derivative and reduced to the pole proﬁles, general characteris-
tics of the correlation values, exempliﬁed proﬁle of the faults and graben
and horst structures and Curie depths proﬁles. BH: Bozdag˘ horst, BMG:
Bu¨yu¨k Menderes graben, GK: Gulf of Go¨kova, GDG: Gediz graben,
IAZ: I˙zmir-Ankara suture zone, KMG: Ku¨c¸u¨k Menderes graben, NAFZ:
North Anatolian Fault Zone, YG: Yatag˘an graben.
heat ﬂow map obtained by Dolmaz et al. (2005) is given in
Fig. 7. Heat ﬂow values vary between 110 and 130 mW/m2
on the Menderes Massif. Positive gravity and negative mag-
netic anomalies and high heat ﬂow values on and around the
Menderes Massif suggests that the asthenosphere is uplifted
in this region.
The correlation coefﬁcients and slope values (J/σ )
which are illustrated in Fig. 6(a) and (b) show very good
agreement with the boundary of the geological structures in
Western Anatolia. For example, the correlation coefﬁcient
obtained on the Menderes Massif, which is situated between
38◦ and 39◦N and 27.5◦ and 28.5◦E, is almost +0.8, while
this coefﬁcient is calculated to be −0.8 on the sedimen-
tary structure of the Menderes Massif. The slope (J/σ )
values, which generally vary between +0.005 and −0.005,
are related to the kind of the geological formations. The
magnetic anomalies have quite low intensities while posi-
tive and negative gravity anomalies are seen below the lat-
itude of 38◦N (see Fig. 5 (a) and (b)). Therefore, the slope
variations are most likely to depend on the density contrast.
The surrounding area of the Menderes Massif shows a neg-
ative correlation associated with decreasing magnetic and
increasing positive gravity anomalies. This may result from
the presence of thick sedimentary grabens formed under the
effect of extensional tectonic regime.
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The general characteristics of the correlation parameters
of the Bouguer gravity and the aeromagnetic anomalies are
clearly exempliﬁed by a proﬁle that is crossing the faults,
grabens and horsts along the 28◦E longitude, as illustrated
in Fig. 8. The Bouguer gravity and magnetic anomalies,
magnetic anomalies reduced to the pole, ﬁrst order vertical
derivative of the gravity anomalies, correlation coefﬁcients,
variation of the intercept and slope values, simpliﬁed geo-
logical cross section and Curie depth proﬁle are shown in
this ﬁgure.
Several characteristic features of these values correspond
to the underground geology as follows:
(1) The variation in the correlation coefﬁcients illustrates
inverse correlations on the Menderes Massif and in the
southern part of the Marmara Sea. This negative correlation
may be related to the presence of a relatively thick crust and
high heat ﬂows, as stated above.
(2) The Lycian nappes and the Menderes Massif con-
sist mainly of sedimentary and metamorphic rocks, respec-
tively, which have small magnetization and high density
contrasts.
(3) The ﬂuctuation on the slope variation around 38◦N
latitude corresponds to highly magnetized granitic plutons
intruding into the metamorphic rocks of the Menderes Mas-
sif.
(4) The variations in correlation coefﬁcients, intercept
and slope ﬂuctuations on the 39.5◦ and 41◦N latitudes
show very good similarity with the shape of moving-
window regression parameters for two vertically superim-
posed sources, as shown in Fig. 3. These variations on the
correlation coefﬁcients and the others could be related with
the boundaries of the Karakaya complex and Sakarya con-
tinent, as mentioned in the section on the selection of the
lengths of the windows.
(5) The Sakarya plate is placed approximately between
39.5◦ and 41.5◦N in Fig. 8. The Thrace Basin and the
Karakaya complex, including volcanic, metamorphic and
sedimentary rocks, are placed in the northern and south-
ern parts of the Sakarya Continent, respectively. The Mar-
mara Sea Basin, ﬁlled by 2-km-thick sediments, is situ-
ated between the Thrace Basin and the Sakarya plate. The
gneiss-amphibolite basement of the Sakarya Continent is
also present beneath the Thrace and Marmara Sea Basins.
The obtained shape of the regression parameters over two
different structures, such as the gneiss-amphibolites base-
ment and its sedimentary cover, shows very good agreement
with the calculated model of two vertically superimposed
sources.
(6) Small slope values are obtained for the Marmara Sea
(Fig. 6 (b)). In our opinion these small slope variation
values on the Marmara Sea could be related to the North
Anatolian Fault Zone.
4. Conclusion
Regression parameters of gravity and magnetic anoma-
lies over Western Anatolia were calculated, satisfying the
theoretical considerations of Poisson’s theorem in regions
of common potential ﬁeld sources. The obtained corre-
lation coefﬁcient map indicates either positive or negative
values related to the geological formations and geothermal
areas, such as the southern part of Marmara Sea, over and
around the Menderes Massif and over the graben structures
of Western Anatolia.
Two different structures, such as gneiss and amphibolites,
beneath the Karakaya complex and Thrace Basin show sim-
ilarities with the calculated model of two vertically super-
imposed sources. The variations in the correlation coefﬁ-
cients, slope and intercept values could also be related with
the boundaries of such structures as the Karakaya complex,
Sakarya continent and Istranca massif.
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